Background: Euphoria is a complex, multifactorial problem that is reported as an adverse event in clinical trials of analgesics including pregabalin. The relationship between the reporting of euphoria events and pregabalin early treatment responses was examined in this exploratory post-hoc analysis. Methods: Data were from patients with neuropathic or non-neuropathic chronic pain enrolled in 40 randomized clinical trials, who received pregabalin (75-600 mg/day) or placebo. Reports of treatment-emergent euphoria events were based on the Medical Dictionary of Regulatory Activities preferred term "euphoric mood". Prevalence rates of euphoria events overall and by indication were assessed. Post-treatment endpoints included ≥30% improvements in pain and sleep scores up to 3 weeks as well as a ≥1-point improvement in daily pain score up to 11 days after treatment. Results: 13,252 patients were analyzed; 8,501 (64.1%) and 4,751 (35.9%) received pregabalin and placebo, respectively. Overall, 1.7% (n=222) of patients reported euphoria events. Among pregabalin-treated patients, a larger proportion who reported euphoria events achieved an early pain response compared with those who did not report euphoria (30% pain responders in week 1 with euphoria events [43.0%], without euphoria events [24.2%]). Results were similar for weeks 2 and 3. For Days 2-11, a larger proportion of pregabalin-treated patients with (relative to without) euphoria events were 1-point pain responders. Findings were similar in pregabalintreated patients for sleep endpoints (30% sleep responders in week 1 with euphoria events [50.7%], without euphoria events [36.1%]). Similar results were found for weeks 2 and 3. Patients who received placebo showed similar patterns, although the overall number of them who reported euphoria events was small (n=13). Conclusion: In patients who received pregabalin for neuropathic or non-neuropathic chronic pain, those who experienced euphoria events may have better early treatment responses than those who did not report euphoria events.
Introduction
Euphoria is often perceived as a signal of potential substance abuse or addiction and has been described as an exaggerated feeling of physical and emotional well-being and optimism not consistent with apparent stimuli or events. [1] [2] [3] [4] It has been reported as an adverse event (AE) in clinical trials of medications that act on the central nervous system including analgesics. 2, 3 Feelings of euphoria can contribute to the abuse of prescription drugs, as illustrated by the rise in recent years of the misuse of prescription opioids in the US population, where there was a 140% increase in prescription drug misuse from 7.8 million in 1992 to 15.1 million in 2003. 5 However, euphoria is a complex multifactorial phenomenon that is not well understood. For instance, euphoria events occur in clinical trials of some medications such as selective serotonin reuptake inhibitors and corticosteroids, which are known not to be abused for psychotropic purposes. [6] [7] [8] Moreover, many prescription drugs with significant abuse potential, such as benzodiazepines, are not typically associated with euphoria in clinical trials. 9 Euphoria may also be reported in patients who receive placebo in some clinical trials. 10 One additional complexity that has not been explored is the potential relationship between the reporting of euphoria events and treatment responses. Pregabalin is an α2δ calcium channel subunit ligand and analgesic, [11] [12] [13] [14] indicated in multiple countries for the treatment of peripheral or central neuropathic pain (NeP) and fibromyalgia, as well as generalized anxiety disorder (GAD) and partial-onset seizures. 10, 15 In placebo-controlled randomized clinical trials, 4% of patients who received pregabalin reported euphoria events (defined by the preferred term "euphoric mood" using the Medical Dictionary for Regulatory Activities [MedDRA] , version 19.0), with incidences varying across indications, while 1% of patients who received placebo also reported euphoria events. 6 Because of the large number of patients who have participated in clinical studies of pregabalin, an opportunity exists to examine possible links between the reporting of euphoria events and treatment responses. In this exploratory post-hoc analysis of data from 40 placebocontrolled clinical trials, the objective was to assess the relationship between reported euphoria events and early treatment responses (pain and sleep) to pregabalin in patients with NeP or non-NeP.
Materials and methods

Included studies
The Pfizer database of pregabalin clinical studies was searched for studies conducted in patients with peripheral or central NeP, or non-NeP. Studies were excluded if they analyzed patients who: were healthy volunteers, had postoperative pain, underwent experimental procedures that may have induced pain, or were primarily enrolled for functional magnetic resonance imaging. Across all studies, patients were excluded if they experienced any severe acute or chronic medical or psychiatric condition(s), were receiving prespecified concomitant medication(s)-that may have been different in the individual studies -or illicit drug(s), or exhibited any other factors that could potentially increase the risk associated with study participation or would interfere with the interpretation of the study results. In total, 40 randomized, placebo-controlled clinical studies of pregabalin efficacy and safety were identified (Table 1) . Pain conditions in these analyses included diabetic peripheral neuropathy (DPN, 13 studies); [16] [17] [18] [19] [20] [21] [22] [23] [24] The remaining studies were not registered at ClinicalTrials. gov because they pre-dated the requirement for clinical trial registration.
The dates of the studies ranged between March 1998 and August 2015. Pregabalin was administered in doses of 75-600 mg/day (either fixed or flexible dosing). Treatment duration ranged from 4 to 16 weeks. All of the original studies were conducted in accordance with the Declaration of Helsinki and/or Good Clinical Practice Guidelines from the International Conference on Harmonisation and were approved by the institutional review board or ethics committee of each participating center. Each patient or their legal guardian or representative provided written informed consent to participate in the study. No new patients were recruited for this analysis.
Capturing of euphoria events as adverse events
Investigators were responsible for reporting treatment-emergent AEs in the original studies, including severity and potential relationship to study medication. For the purpose of this analysis, the reporting of euphoria events was coded using the preferred term "euphoric mood" (code 10015535 of the MedDRA, version 19.0). The present study did not consider the severity of reported euphoria events or the relationship to study medication. Events were captured separately for pregabalin and placebo. Most studies were of parallel group design, and incidences of euphoria events were captured throughout the duration of the treatment period. Four studies were of 2-period, 2-way crossover design, 23, 24, 42, 44 and the incidences of These studies were 2-period, 2-way crossover studies. Only data from period 1 were included in this analysis. Published references are shown where available. Original study numbers have been used to identify those studies that are not published. ClinicalTrials.gov identifying numbers are shown where available. Historical trials are not required to be registered at ClinicalTrials.gov. Abbreviations: CLBP, chronic low back pain; DPN, diabetic peripheral neuropathy; FM, fibromyalgia; HIV NeP, neuropathic pain associated with HIV neuropathy; OA, osteoarthritis; PHN, postherpetic neuralgia; PT pNeP, posttraumatic peripheral neuropathic pain; SCI, spinal cord injury.
euphoria events in these studies were captured during the first treatment period only.
Prevalence of euphoria events
For all of the analyses, all doses of pregabalin treatment (75-600 mg/day, fixed or flexible dosing) were pooled because (i) the number of patients reporting euphoria for a given dose was low (fixed dosing: 75 mg/day =2; 150 mg/day =7; 300 mg/day =62; 450 mg/day =45; 600 mg/day =62; flexible dosing =31), and (ii) most studies included a dose titration period; therefore, the occurrence of euphoric events may have occurred at a different dose than the randomized dose. The prevalence of reported euphoria events was determined for pregabalin and placebo using data from all identified studies. Prevalence rates were calculated overall and by indication. For the remaining analyses, only studies were included in which euphoria events had been reported (n=26 studies). The time to onset and duration were determined for the reported euphoria events. The number of patients who reported multiple euphoria events was calculated, as was the number of patients in which euphoria events were ongoing at the end of the study.
Pain scores
For the analysis of pain scores, all indications were grouped together. An 11-point numeric rating scale (NRS, where 0= no pain and 10= worst possible pain) was used to assess pain. Early pain responses were assessed in pregabalin-and placebo-treated patients who did or did not report euphoria events. These pain responses were classified as: (i) a ≥30% improvement in mean pain score from baseline for Weeks 1, 2, and 3 after treatment initiation; 47, 48 and (ii) a ≥1-point reduction in daily pain score compared with baseline for Days 2-11 after treatment initiation. 49 Additional pain measures were evaluated only in pregabalin-and placebo-treated patients who reported euphoria events. Mean pain scores were determined before and after the onset of the euphoria events with the day of onset of the event as the cutoff date. Pre-onset data could include baseline scores and the day of onset, when available. Post-onset data were determined for Weeks 1 and 2 after the onset of the event, and excluded the day of onset. The change in mean pain score was also measured from baseline to the days that euphoria events were reported. Change in pain score was calculated as the difference between mean baseline pain score and daily pain score.
Sleep scores
For the analysis of sleep scores, all indications were grouped together. In studies of patients with DPN, PHN, PT pNeP, DPN/PHN, SCI, and CLBP, sleep was assessed using an 11-point pain-related sleep interference (PRSI) score where 0 = pain does not interfere with sleep to 10 = pain completely interferes with sleep. In FM and OA studies, sleep was assessed using an 11-point NRS sleep quality score. For 6 of these studies, the NRS was scored from 0 = best possible sleep to 10 = worst possible sleep. For 2 of the FM studies, the NRS was scored from 0 = worst possible sleep to 10 = best possible sleep. Early sleep responses were assessed in pregabalin-and placebotreated patients who did and did not report euphoria events. These responses were classified as a ≥30% improvement from baseline in PRSI or mean sleep quality score for Weeks 1, 2, and 3 after treatment initiation.
Statistical analysis
Data are descriptive only; no statistical comparisons were made.
Results
A total of 13,252 patients were included in the analysis. . The number of euphoria events in each pregabalin dose group were as follows: 75 mg/day (n=2), 150 mg/day (n=7), 300 mg/day (n=62), 450 mg/day (n=45), 600 mg/day (n=62), flexible dosing (n=31), and placebo (n=13) ( Table 2) . Prevalence rates of euphoria events by indication are shown in Table 3 . For pregabalin, euphoria events varied from 0.5% in patients with PT pNeP to 9.3% in patients with OA. The highest rates occurred in patients with non-NeP conditions. For placebo, prevalence varied from 0% in patients with PHN, PT pNeP, or OA to 1.0% in patients with CLBP. Across all indications, the majority of patients reported only one euphoria event. Eleven patients reported ≥2 events. The median (range) time to the onset of the first event was 2.0 (1-84) days for pregabalin and 2.0 (1-6) days for placebo. The median (range) duration of each event was 10.0 (1-118) days for pregabalin and 3.0 (1-121) days for placebo. Twenty-five patients had ongoing euphoria events at the end date of their studies. The duration of euphoria events (using the study end date as censor) ranged from 11-101 days.
The 30% pain responder rates were compared between pregabalin-treated patients who did and did not report euphoria events (Figure 1 ). For Weeks 1, 2, and 3 after starting treatment, the proportion of pregabalin-treated patients who were 30% pain responders was numerically higher in patients who reported (vs those who did not report) euphoria events. Placebo patients showed a similar results for Week 1 with a numerically higher percentage of patients achieving responder status with euphoria events (30.0% [n=3]) compared with those with no euphoria events (8.7%
[n=244]). One placebo patient who was a 30% pain responder reported a euphoria event in Weeks 2 and 3. Figure 2 shows the comparison of the 1-point pain responder rates in pregabalin-treated patients who did and did not report euphoria events for Days 2-11 after starting treatment. Similar to the 30% pain responder rate, a numerically higher proportion of pregabalin-treated patients who reported (vs those who did not report) euphoria events were 1-point pain responders for each day. Results for patients who received placebo followed a similar pattern to pregabalin; however, fewer placebo patients were available for analysis (1-5 patients reported euphoria events per day; data not shown).
In patients who reported euphoria events, mean (standard deviation [SD]) pain scores before the onset of the event were numerically similar for pregabalin (6.1 [1.8] 1] for placebo). The change in mean pain score from baseline was numerically larger for pregabalin versus placebo for the majority of days that euphoria events were reported (Figure 3) . The qualitatively greater improvement in mean pain score occurred as early as the first day after starting treatment.
Comparison of the 30% sleep responder rates in pregabalin-treated patients who did and did not report euphoria events is shown in Figure 4 . For Weeks 1, 2, and 3 after starting treatment, the proportion of pregabalin-treated patients who were 30% sleep responders was numerically 
Discussion
In this exploratory post-hoc pooled analysis of clinical trial data for peripheral or central NeP or non-NeP, pregabalintreated patients who reported euphoria events may experience early improvements in pain and sleep. These findings also extend to patients who received placebo, although few placebo-treated patients reported euphoria events limiting the ability to draw definitive conclusions. Pregabalin-treated (compared with placebo) patients had numerically greater improvements in pain (absolute and change from baseline) after the onset of the euphoria event. Most of the patients in this analysis were female and in the 18-64 year age group; however there were no notable differences in demographic characteristics between pregabalin and placebo treatment groups. This is in line with a previous pooled analysis of 27 randomized clinical trials that showed that age and sex were among a group of potential predictors of efficacy of pregabalin that had no effect on outcome. 50 Although this was an exploratory analysis with a relatively small sample of patients who reported euphoria events, this study raises interesting questions about the possible relationship between euphoria and early treatment responses. Patients may be reporting euphoria events because they are experiencing rapid and clinically relevant pain relief and/or sleep improvement after long-standing pain and/or sleep disturbance, respectively. However, we cannot rule out the possibility that patients may report better treatment responses because they have experienced a euphoric event. A causal link between euphoria events and positive treatment responses is difficult to demonstrate, and this study cannot distinguish between these two possibilities. Future research should investigate the potential causal relationship between positive treatment responses and euphoria.
The question of whether treatment-emergent AEs are a direct adverse effect of a study drug, or whether the relationship between reported AEs and active treatment is a more complex interaction, is a difficult question to answer. In a Figure 2 Proportion of 1-point pain responders in pregabalin-treated patients who did and did not report euphoria events. Patients were classified as 1-point pain responders if they had a ≥1-point improvement in pain score (11-point NRS) from baseline. The number of patients who did and did not report euphoria events are shown for each day. Abbreviation: NRS, numeric rating scale. pooled analysis of seven randomized controlled studies that examined triptan therapy for migraine attacks, the treatmentemergent AEs somnolence and asthenia were shown to occur due to the unmasking of CNS-related neurological symptoms that were part of the migraine attack, rather than being direct side effects of triptan treatment. 51 The relationship between treatment-emergent AEs and active treatment may not be as clear-cut as first thought, and is an area for possible future research.
In the US and Europe, up to one-third of individuals have chronic pain, equivalent to >100 million people in the US.
52-54
Chronic pain is a debilitating condition associated with a considerable individual burden. [54] [55] [56] An improvement of 2 points on an 11-point NRS (equivalent to a 30% improvement) may be considered potentially beneficial. 47, 48 Moreover, pain relief can occur quickly, with estimated times to improvement of pain with pregabalin of 1-2 days for patients with FM, 57 DPN/PHN, 49 or NeP due to SCI. 58 For pregabalin-treated patients who reported euphoria in these analyses, the time to onset of pain relief is similar to the median time to onset of euphoria events (2.0 days). The improvements in sleep in patients who reported euphoria events mirrored the improvements in pain. This finding may not be surprising because the majority of studies in this pooled analyses evaluated PRSI, a measure of how much pain interfered with sleep. However, the findings here reinforce how closely connected pain and sleep are in patients with NeP or non-NeP conditions. Path analysis (a method used to assess direct and indirect contributions of individual variables to efficacy outcomes) has suggested that a considerable proportion (~60-80%) of the improvements in pain seen with pregabalin in patients with DPN or PHN are due to indirect improvements in sleep. 59 Moreover, in patients with FM, 57 DPN/PHN, 60 and NeP due to SCI, 58 the time to onset of improvements in sleep (1-2 days) are almost identical to the time to onset of pain improvement (1-2 days). 49, 57, 58 The relationship between euphoria and the potential abuse of a drug is complex and not fully understood. Reports of euphoria are associated with some centrally acting drugs with no history of abuse.
6-8 On the other hand, some centrally acting drugs with a well-established history of abuse are not associated with reports of euphoria. 9 In the US, pregabalin is classified as a Schedule V drug (ie, it has the lowest potential for abuse compared with other controlled [Schedules I to IV] substances). 61 Nonetheless, reports have been made of pregabalin misuse and abuse. 62, 63 One factor that may affect whether individual patients may misuse or abuse pregabalin is previous substance abuse. 63, 64 The US
Prescribing Information and European Summary of Product
Characteristics both state that patients should be carefully evaluated for history of drug abuse and observed for signs of pregabalin misuse or abuse. 10, 15 The findings from the current study should be viewed in light of reports of misuse and abuse of pregabalin. This study had several potential limitations. Data are from clinical trials only, although this permits a systematic analysis of available data using defined terms. Additional reports of euphoria events may have occurred through ongoing postmarketing pharmacovigilance efforts, but collection of these data may not have been as rigorous as in clinical trials and efficacy outcomes would not necessarily have been captured in postmarketing reports. Moreover, participants in clinical studies are restricted to those who meet inclusion and exclusion criteria resulting in a relatively more homogeneous study population compared with the heterogeneous patients in real world postmarketing data. In addition, only chronic pain indications were evaluated, and other non-pain indications (eg, GAD or partial onset seizures) were not included in the analysis and this study thus cannot draw conclusions on potential efficacy and euphoria interactions in those populations. Relatively few euphoria events were reported with pregabalin, and even fewer with placebo. Because of this, individual indications could not be analyzed separately and individual pregabalin doses had to be pooled. Discerning the potential euphoric effects and efficacy by dose or by individual therapeutic indication would need to occur in a future study. No statistical comparisons were made because this was an exploratory analysis and few patients reported euphoria events limiting the statistical power for an inferential analysis. Thus, all results are intended to be interpreted qualitatively and do not support any causal or statistically significant relationships.
Conclusion
In summary, the reports of euphoria events in these clinical trials may be related to early treatment responses in some pregabalin-treated patients with chronic pain. More studies are needed to explore the relationship between the euphoria events and pregabalin treatment responses for non-pain indications. These data may also help to inform the design of future clinical trials of analgesics and other centrally acting drugs.
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